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Longitudinal designs afe frequently employed in edu;éticnsl research am:l
evaluation. Stuﬁies including pfe=p§steret3ﬁtian; pﬁgt*fétéﬁti@ﬁ, or pre-post
testing are 1@ﬁgitﬁdinal studiez. The simultaneous utiligéﬁiéﬁ af multiple
éﬁ?éfiﬂéﬁtal treatments or experimental and eagtrg; treatments in a longi-
tudinal study automatically yields some form of a longitudinal design. When
Iangizudiﬂélﬂdesigns are'emplayeé in conjunctien with multiple dependent

variablas, the appropriate analytic technique may s1e a subject for debate. The

purpose of this paper is to describe an analytiec technique that removes or

minimizes the difficulties encountered with many of the currently advocated

techniques. In addition, an application of the proposed technique to data

collected using materials from the Asian Studies Curriculum Project is presented.
CURRENT TECHNIQUES

Technique

An analysis technique frequently advocated for longitudinal designs with
multiple dependent variables is multivariate énalysis éf variance (MANOVA) ?itﬁ
covariate adjustménﬁsi For designs inziudiﬁg pfe=p35t=ret§ntiaﬁ tests, segaraée _ 
analyses of the post and retention tests are féﬁuifad f@llawingvsdjuStmenz for

the pretest scores, There are at least two methods of employing
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the pretest scores as covariates. That is, for dependent variable set
Yy, ng Yas o o a¥yy o 0 oy ¥y
it is possible to covary the pretest Y; scores from the post test Y, scores,

the pretest Y,

7)1

cores from the post test ?2 scores, the pretest Yj scores
from the post test Y, scores, etc. It is also péssiﬁle to use the entire
set (¥; through Yki of ?retést scores as covariates for each post test score
(e.g., Yi}. Finally, the observations of Elashoff (1969) with respect to ANDCOVAV
may be used.to question these procedures. That is, heterogeneity of regression

r selection bias may generate very misleading results.

The MANOVA with ¢ovariance adjustments technique suffers from many problems.
A 1list of these problems includes the fcllawiﬁgﬁ

(1) Exponentiation of p-values for designs requiring separate analyses.
This problem is inherent with any design including post and retention
tests.

.. —(2) The frequently required separéte analyses eliminate the Gestalt from

the analysis. In addition, the use of separate analyses assumés some
form of interaction (e.g., differential trend) is present in the system.
Interaction questions should be answered empirically, rather than by

assumption.

(3) The tézhniquesréf covariate adjustment are not well-defined. That is,
i o : - technique of reducing the error using the covariates,

i (4) The frequency of heterogeneity of regression in educational research

i ' and evaluation as well as the frequency of selection biases in educa-
tional evaluation suggests this technique may have questionable utility

for many problems.
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" this Eéﬂbniﬁue ignores a very important issue.

: Technique IT

Analysis techniques frequently employed in evaluation studies are ?atiagiéns'i
:of the sépatate analysis technique. This approach can take three forms. The fiIsE 
approach aaﬂsists ;f'segarage MANOVAs for each test aciasiggj That is, separate |
'aﬁaiyses are conducted for the pre-post- and/or réﬁentian tests; VThE major
gfablemsvagsggiated with the use of this appéﬁaeﬁ are (#1), (#2), and (#5) as

listed for Technique I.

The second approach is to employ separate univariate repeated measures....
ANGVAs for gsgh dgpendeét variéble. The problem associated with ﬁhis techniquér.
ig similar to the exponeniiation of p-values problem. .ig géneral, the failure:
to fecoguize the covariance structure in a'dapégdent variable set is the spurce
of Ehe-diffiéulties.,'Tﬁe univariate p-values are accurate oniy wﬂén the dependent
: variables are pairwise arthnggnal- Multivariate adjustments to the F—statistics,v
7 may be used to correct for bias in the p-values (Harris, 1975) but these afé R

rarely used.

The third approach is to employ separate MANOVAs. for each dependent iariabig1”i
treating eaéh te5t'a¢cgsian’qbse;ﬁéainﬂs as distinct depénééﬂt vafiabLés fa£7§hér" '
= anélysegg Profile analyses, ﬁhigh'yield hypotheses sets similar to univariate

repeated measures ANOVA, are frequently employed with this technique. The
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‘difficulty. ' ' -

L

problems associated with this technique are a result of its failure to account

for the covariance structure in the dependent variable set. While this technique

minimizes the unknown difficulties with one of the twe covariance assumptions of
univariate repeated measures AMOVA, it suffers from the lack of p-value adjustment
procedures for the covariance structure of the dependent variable set. The degree

of this problem is unknown, but the capitalization upon chance associated with

MANOVA may increase the degree of the problem in relation to univariate techniques.

Technigue III

‘A less frequently employed technique consi<sts of applying MANOVA to an
extended dependent--variable set. That is, the pre-post-retention cbservations
of each dépeademt yariable are considered to be distinct dependent variables
for thgragalysisg Using a pre-post-retention design results in three times
the 6riginal number of dependent variables in the extgndéd dependent variable

set.

While this is the only technique listed thus far that eliminates or minimizes
problems (#1), (#2), (#3), and (#4) as listed for Technique I, this technique
(III) is not free of problems. Specifically, problem (#5) as listed for
Technique I is a telliﬁgrscurﬁe‘gf diffieulty. 1In addition, an interpretational:
pfablem'may be experienced with this Eéchnique. That is, it is possible for the

MANOVA generated composite to be a difference or sum of pretest observations of

" one dependent variable and posttest observaticns of another dependent variable.’

To interpret éémpgsites of this form frequently presents a great deal of




Proposed Technique
7The appropriate technique should take into account thérfallowing ne;éss;fy
attributes: ' |
(1) The technique includes a complete hypothesis set, and thereby gives
the énalysis an appropriate Gestalt. Included in the hyp@ghesis set
are issues of trend and differential trend%.
(2) The technique produces p-values after adjusting for tﬁe sﬁvariaﬂﬂé
structurerin thérdépéﬂdéﬂt variable set and the covariance stru@turei
in the test occasions. .
(3) The technique is well-defined in terms of representing a single
procedure. 7 | |
(4) Only the generalgga%iliﬁy of the results are threatened by selection
biases. Spegificail&, the p-values reflect unbiased aéﬁima;es of the
“"population" generalized from the sample employed. |
~(5) The results are interpretable in terms of the dependent variable set
| only. -That 4is, the composites produced are not confounded with teat

cccasions or adjustments for specific test occasions.

The analyti¢ procedure advocated by this paper is the multivariate general-
ization of univariate repeated measures ANOVA. Simple univariate repeated
-measures ANOVA identifies the effects and error sssociated with distinct BrOups
of students (usually referred to as ﬁbétﬁééﬂ") by summing over the fepeéted Eacat.»l
The remaiﬂingreffects and errvor (referred to as "within") are aésaciated witﬁ 7

: hypézhaseé‘céncerning trends and'difféfentisl trends., The multivariate géﬂéfalé
“d4zation of :epeéted measures ANOVA isolates the between and within térmsrfnfk

multiple dependent variables.




The generalization from univariate to multivariate analysis, as described
by Harris (1975), involves
é o "a search for that linear combination of the various outcome variables
which makes the univariate F-ratio (computed on that single, combined

variable) for a particular main effect or interaction as large as possible
(page 15)."

! All of the variance hypotheses associated with a.univariate analysis may be

‘ generalized to multivariate forms by replacing the univariate dependent

; variable with the multivariate composite of dependent variables. That is, for.

: a longitudinal design the repeated measures hypothesis set may ?é rataiﬁedriﬁ tﬁe}
; nmultivariate generalization. This hypéchesis set 1s complete and sgaéifi:ally

i ‘includes hypotheses for trend and differential trends. In addition, the é@mpasités
| generated by the multivariate procedure are in terms of the dependent variable

v set only.

The‘ﬁulﬁivariaté significance tests determine p-values that have been adjusﬁeiﬁ
for the maximization (or capitalizatien upon chance) pf@cedures'emplayed to géner—f
ate the composites. These maximization procedures capitalize upon the eavafiancg ﬁ;
structure of the dependent variable set. That is,vﬁhe multivariate éavalues,éfe‘ |

adjusted for the covariance structure of the dependent varilable set. Furthermare;j;

i

the error terms associated with préaEEd measures ANOVA have expected values thét;:f
are functions of the covariance structure in the test occasions. As a feguit of T 
this incorporation of covariance structures for éxpegted'vaquS, the pivélﬁes
“are appropriately estimated. ‘Therefore, the p=valu§s generated by repeated

measures MANOVA are expected to be appropriate for the covariance structures

; of the dependent variables and the test occasions.
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As a result of the generalized hypothesis set associated with MANOVA, the
technique is as well-defined as ANOVA, An added benefit is the ease of
transition from ANOVA to MANOVA. 1In addition the applications of MANOVA
are equivalent to the applications of ANOVA (except for the multiple
dependent variable set).. Therefore, selection biases are expggtéd to affeet

MANOVA in the same fashion that selection biases affect ANOVA,

The sums of squares in ANOVA are replaced by matrices of cross-products.
That is, the sums of squares for an effect A is of the form
: : 5 B
ss, = », (¥ ~Y
A ieA (Yij j)
The generalization of §5, to a matrix of cross products, H, is of the form

h o= 3G -Y )T -Y)
rs 1eA’ q4r jr  4jis is

h = r, s-th element of HA
Y_ = the r-th dependent variable, and
Y = the s-th dependent variable.

All sums of squares, effects and errors, may be generalized to cross product

matrices in this fashion.

The F-test of ANOVA is generalized for MANOVA to a function of the gfeatéét

characteristic roots of H‘;, H __. . There ére séveralAHANQVA functions that
: - error effect i ] : :

may be used for significance tests. The most frequently- occurring are prSEﬂﬁeai,,;

in Morrison (1967), known as Wilks' Lambda (A), and Harris (1975), known as GCR O. -

Harris (1975) compared these two indices and advocated GCR @ on the basis of



AN EXAMPLE: EVALUATION OF THE ASIAN STUDIES CURRICULUM PROJECT

To illustrate the use of repreated measures MANOVA, data collected 1/ for
an evaluation of materials from the Asian Studies Curriculum Project (Michaeldls, -
= 1968) were analyzed. This data reflected a condition X reading level X test

" pceasion design for six dependent variables.

~ The conditions Wefe’iﬁsﬁtuctiﬁﬂai strategiesrlabeléd as open inquiry, guiéadx
inquiry, expository, and control. The control condition was distiﬂguishéd from 7
the other conditions by the E@?ie of the materials employed. The reading
materials in the open inquiry, guided inquiry, and expository conditions were
identizal, but these conditions ine§f§cratéd differing types of questions and
dirécﬁiénslinEEfspersed in the materials. The studEnés subjected to the exposi- ,}
'ﬁary condition éere asked to respond to recall and recognition questions.

Both the open inquiry and guided inquiry subjects were asked to respond to -

e

andly'sis, synthesis, and evaluation questions, but only the guided inquiry

subjects were allowed to benefit from model answers. The. number of questions
interspersed in the materials was varied in the conditions to yield apprcximatélygf
equal readirng times.. ' L ’ ‘ T

Procedurally, the ninth grade students in twelve "regular" social studies
classes were randomly assigned to condition, Fivérwéeké; or about 25 hours, of -

instruction using the previously described condition materials was provided.

g;’ Data were collected by Dr. Robin J. McKeown.
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Reading level was operat’onalized by blocks of the students' California

Achievement Test scores. Above average and below average blocks were based on
the distribution of the students' scores. The cut point in the distribution

was the score associated with the 64~th percentile.

The test occasions were post and retention observations. The post-tests
were administered within a week following completion of treatment. The retention

tezts were administered about five weeks after the post=tests.

L]

The dependent variables were operationalized by parallel forms of experi-

concept comprehension, general synthesis skill, social problem solving, interest,
and involvement. For boih test occasions, the sequence of azdministration for

these scales was ths same as the above listing.

The fact recall test consisted of 30 recall items. Each item required a
response of one or two words and each item was scored as right or wrong.
Fifteen minutes were allowed for student responses. All responses were

associated with the material employed in the inquiry and expository conditions.

The concept comprehension test consisted of six concepts included in the
inquiry and expository conditions' materiuls. For each concept the students
were required to respond with a shétﬁ paragraph deszribingrand/ar explaining
the meaning of the concept. Each response was scored using a [0, 5]-scale by -

three raters with forced agreement.

2/ ‘The measures were constructed by Dr. Robin J. McKeown.

10



The general synthesis skill test contained six sets of social studies
materials which were unrelated to any of the expetimentéi materials. The
‘respondents were required to write a brief paragraph detailing any general-
izations (e.g., conclusions, ideas, themes) from the material. The students
were allowed a maximum if 40 minutes to respond. Each response was scored

using a [0, 5]-scale by three raters with forced agreement.

The social problem solving test consisted of six social value problems
" related to the experimental materials. Each pfabiem required a respéé;g
g@ﬁsisting of a brief paragraph analyzing the problem. The students were
allowed"a maximum of éD‘minutes to respond. Each response was scored using

a [0, 5]-scale by three raters with forced agreement. Only the quality of

the analysis was scored, not the actual content.

The interesﬁ scale consisted of 10 six-point Likert bipolar items in
disagree-agree format. The stems of the Likert items were constructed to
idenﬁify the students' interest in continuing to study about the areas covered
in the experimental materials. The total of the 10 items' scores, following
reversal of negaﬁiﬁé scaiés,.was usédkéé fhe iﬁ§3fesé scale sggre,g The iﬁtérnal.
consistency reliability of these total scores was estimated by Cfﬁnbach's Alpha

to be .90.
The involvement scale consisted of 10 six-point Likert bipolar items in
disagree-agree format. The stems of the Likert items were constructed to -
determine the degree the student wanted or wished the problems presented in the

experimental materials to be solved. Thatyisf the involvement scale construc- .

11

ERIC

Aruitoxt provided by Eic:



- tually representad the stLden*'S commitment to a solution for the problems.
The total of the 10 items' scareg{,fallawing reversal of negative scales, was .

computed. A Cronbach's Alpha of .86 &é}kgalculated as an estimate of the

involvement scale's reliability.

Results
The descriptive indices computed from the data a;e displayed in Table 1.‘
Tha data were analyzed using adx2x2 repeated measures HANG?A, The
vomponents evaluated using this procedure were the effects of the thfee
independent variables, three first—order interactions, and a second-order -
interaction. Each component was assoclated with effect and error matrices
that ﬁrnduced a maximizing linear composite of dependent variables. The
magnitude of vafiétian in mean composite scores assoclated with each effect
was compared to chance fluctuation using greatest ehéractetigtic_:agt (Hartis,‘
1975) and Wilks' Lambda (Morrison, 1963) ecriteria. Generation of effect éﬁd

error matrices with probability indices was facllitated by a computer routine

(Carroll and Klimowicz, 1975).

‘A condition X readiﬁg level X test occasion interacti#e gffeéﬁ was
identified (GCR @ = .175, s = 3, m = 1, n = 145, p < .0001; Wilks' A = ,775,
F =4, 34 df 18/407, p < .0001). This interag\‘:ign, as with all secaﬁd order
'interaétions; may ba*inte:préted in six different ways. The source Qf this™
data, an-evaluation af'therAsiQEVStudies Curriculum Project, indicated EhE
iﬂtérprététion of ;his “~teraction should - refle&tvcancernufgr the t:ends

Vdisplayed by the conditions. Based upon this concern, the interaction was

interpfetad as evidence that differences in the conditions' trends were




interactive effect was identified (GCR © ='.538, s = 3, m= 1, n = 71, p < ,0001; "

Wilks' A = 448, F = 7.45, df = ;8/407; P'é,;aaol)i In a fashion similar to ' '~

- the subjectg in the fauf caﬁditians were différéﬁt CGCR g = 755, s,éb3;,m,§' 5
1campasite assa:iated with the EIfEEt af EDndltiOﬂS was - (fagL rezall +. 2* cgnzept
‘ ;§f:Ehé‘§omeéiEg>aSna Qisc”ép'; cy between 1awef and hlghef Eaxonamlc levgl 5k;115

- could be posed. Howéver, measure : péﬁlfiﬁ tests were also génératad for theo- =

,.:;:etiﬂéilélarity_
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dependent“ﬁpaﬂ the subjects’ feading'lavel; A mafe‘ANDVA%ish phrasiﬂg of thié S

: intarpretatian might be as Eéllﬁws Thgrcéﬁd ian X test acgasian lnteraztians fi
 'are different for above and belcw avafaga read S' Hethadalcglzallyi Qhe secgnd
Drder interagtian pravided emp;r;cal Justificaﬁion fgr separate analyse @fp h

~ above avefagé andkbelaw ‘average subjects’ data.

Arlalysis Em:' Abt:vé Average REaders ' . o ’ ’ ' ,, S

The condition X testvccgasian:data of the above average readers were

submitted to a 4 x 2 repeateéd measures MANOVA. A ganditiﬁn X test ocecasion

that emplayad fo the secand—ordar in erac i@n; the condition X test occasion |

interactiaﬁ was viewed as em@irical justifi;atign for separate analyses of the .

Vpééﬁ and retEﬂtion test data

{
or abgva average rea ders

hd\
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The daﬁa were 5ubmittad to a s;mple HAEDVA ~ The méaﬂ'ccmpésité gcores qf' ;.;

n g,yl, p < iacalg Wilks' A = ,103,;F,§ 27. 91 df l8/437 p < oodl)_ The .

Qomprehgnsicn - general synthESis skill) A genazal but tenzative inte préﬁatiéhf

el L ' | | 1 8 N




-+ GCR-F.

Univariate analysés of the. Effects of the conditions were generated using _

-erit

" scores of the conditions were differeng for all Si? dependent variables (fact

;;ragall F = 81 07 cgncept campfehensiog, ? 111. 94, genaral synthas;s skill

F = 28.06; sagial problém solving, F = 24.58; interest, T = 24. 23 “involvement,

= 27. 51 in all ,ges'd = 3/149 and p < .01 for F =9, 67) 7 Iﬂ adaitign'é"”

crit

. to ﬁhis univariate analysis, palrwise gamparis&ns of the mean szgres af Ehe .

'canditiags werg Ecnéugted using Roy and Bose CLSSB) contrasts_' Ihe :asults af

‘ thérpaiﬁﬁis ‘comparisons are dlsplayad in Table 2.

Wilks' A= 151, F = 21,52, df

Reten:ion _test analyses for abave gver@ga readers
The data were. ub ted to a s;mplé MANOVA. The mean composite scores of

the egnditions were different CGCR 9 = .587, s=3,m=1, n=71l, p < .0001;

18/40?, P < .DDQl) - Th ﬁampgsitE’assogiaﬁed:*

~with the EOﬁditiDﬁ's effect was (fact recall + oncept campfehensian - genezal :

. syathesis skill). Agaiﬁ;fa'EEﬁ;étive intgrprgtatign of the compo ite 35 ai'f:"'

discrepamgy—bagweéﬁ lower and higher Eaxaﬁémiéilevélvskiils co gl

o
o
m

,w
m
Pl

UnivariateranalysEs using GCR-F indieasaiﬁarris; 1975) indigaﬁedithé o

erit .
cond1§4cns were different for all dépéndent variables (Eazt ;ezall F 5749.59;'";

[}
okt
o
o
()

e
o
Q

Y
u.l
s
I-—I

gzﬁcept'ccmpfehEﬂsi@ﬁ, F = 42;94;vgeneral synthesis skill, F :

problem sa;vigg, F = 21i33;'iﬁﬁefést, F = 20.67; inﬁélvemen; F.= 24 56, in "fi:‘

= 9, 67) Eairwise cgmparlsans af

o
=
Ity
o
H
|
]

[]

all cases df 3/149 and p < .01l for F

the conditions' means were Eanduzted using ng and Bose (1953) contrasts. “The f_

] results nf fhe pairwisa cnmparisans are displayéd in Table 3.

indices (Harris, 1975, page 120) for sigﬂificaneevtésting.' The mean ‘;'Fi




 p < .0001; Wilk's A = ,362, F = 9.74, df

iﬁteractivebeﬁfégt was identified (GCR ©

' pairwise comparisons of EhéVQOﬁdiEiﬂnS' mean fact fezallj c@ncapt ccmpfehansi@h,_fl

‘and general synthesis skill scéfés'afé_d15played'in Table 4. I

ke ¥

Analyses for Below Average Readers

The condition X test occasion data of the below average readers were

7Submittéd,tg a4 x E'fepéatedfmeasures MANOVA. A condition X test occasio

.59, s =3, m=1,n= 70.5,

18/405, p. < ,0001). As with the

prior interactions, the condit ion X test interaction was viewed as empirical

justification for saparaﬁa»analysgs of the post and retention test data.

Pﬁst=te$t analyses for the below average feajéfs

i The data wvere’ submltted ta a simple MANDVA The mean composite scores of:

. the subjects in the faur cunditians were different (GCR 0.= .613, s = 3,'m s;l;;‘ri

n = 70;5, p < .0001; Wilks' A = .266, F = 13,42, df = 18/405, p < ,0001), Tha :

’synthesis skill).  Again, the composite appeared to be facused upon a dis:repancyf;

‘between lower and higher taxonomic level skills.

Univa:iata analysas using GCR F 'iﬁ indices (Harris, 1975) indicated the
, er ST . S

conditions differed on Eact recall (F = 60.63, df = 3/148 and p < .0l for

Féfit'; 9,68), concept comptéhensian (F = 28.63, df ;_31148 and p < .01 for .- "~

Fepge T 9+68), and general synthesi Kill (F = 8.67, df = 3/148 and p < .05 N
fOf Fer it = 7 70). For the chér dEpEﬁdent variables, the differences “in tha -

conditions' mean scores failad to exceed chance- Expeztation. ‘The résults nE

it
ot
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Retentign test analyses for the below average readers

- The data were submitted to a simple MANOVA. Tha mean Eﬂmpﬂsité scores of ”-'s?

,thersu jgcts in the fnur conditions were Vd fferent CGCR 8= 447, s =3, m=1,
‘n=70.5, p < -0001; Wilks' A= .400, F = 8. 61, df = 18/4@5, P < .0001). The
'eampnsita assohiatéd with the effact of candizicn was (fazt recall + cancept

eampréhansian - general synthesis skill). Again, as wizh all cher cases, tha'Jf;

“cémPQéiEe appeared to be focused upon a discrepancy between lower and higher

taxonomic level skills.

Univa:iate aﬂaljses indigatéd the conditions differed on fact rec 11 and

concept comprehension (F = 21 58, F = 20.19, réspeetivély, withrdf-é 3[;§$éilf 7
p < .01 far Fooit %'QiSB). Roy and Bose (1953) campa:isans indicated the A,;>}
control and ewpasitary gfgups mean fagt ;ecall scores were different (GCR ] 7 7

= !2033.5 =3, m=1,n=70,5p < .0005). ' Ihe CQnthl Eﬂﬂ gxpasitof} groups' :L ;

mean concept comprehension scofés were different (GCR @ = 244, s = 3 n $>l;ﬂ,r

=70.5, P < ODDl) Finallv, camﬁarisan of the control and guided ;nqu;ryi

grpupg mean fact recall and CDﬁCEpE ;amprehénsion scores resuited in differenges

(GCR 6 = ?SE and GCR E = .216 fespe;fively, 8 = 3 m=1, n= 70, 5, p { DDDl)

Conclusions

. The results indicated the impact of the conditions was dependent upon the

reading éhiliﬁylﬁfvtha students. However, the major differgngés attribntabléktaf;fi

QEﬂdlEiQnS appearad to ba a d;screpaﬂﬁy in lower and higher Eaxnnamic level

7'skills Far the above avEfage readers, “the- candizinns dlsplayed relatively 1gng T

term EIfEQtS, with the most stable differ ences iahf' ed to Ehe 1ower levei
- Ecgﬁigiﬁe,sgilis- F or the balaw ava:age feaders,htﬁa cahditians d;splayed
Vrelat;valy Shart term effects. In fact the EDndiﬁiGﬂS failed to- display any

: EffEEES on the affeﬂtive or higher level cggnitive stru:tures éf ‘the beléw ”f

average,feadérs_“;' _ v ) ];6
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Summary

The repeated measures MANOVA technique includes a comprehensive, structqtééh"

fhyﬁéthasié set. Tha empirigal justifiastion Eér sépafaﬁe _analyses, as found in’
the E?amplé, is a major benefit net present with most ather achniques .7 Inrm;
addition, the gmpcsize structures fraquent;y pravide the analyst with

gerendipitous ':anstrugﬁs“ revealing inf@rmative sources of the impact of _7’,2

independent varlables. Claafly, ghis ;e:hnique i a2 viable aﬂalyticbtaal that. ;553

mw

y be applied to data that has prevleusl is ed pristin ﬁ,alysi

" The s phisticatian réquifed of the analyst using repeaﬁad measures MANDVA "'if

.is not very much greater than for fepeated measures ANGYA or higher order HANOVA;;?:
Indeed, repeated measures MANOVA should be useful and usable for the majérity of

~educational researchers.
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t'fECaffnll C D‘ andfﬁlimﬂwicz, E L RNV A FGRTRAK p:ﬁéram far repeatedt:

‘”tElashnff I Aﬂalysis of tavarianté, a dEllEatE instfument.' AE?;,-iQEQ;i”'

Hichgelis, R U. Erepafatiun of teaching guides and materials on Asian
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--Table 1 ' .
Heans @, Standard Deviations (SD), and Sample Sizes {N) for
the Condition x Reading Level x Test Occasion Arrangement of

.Abavé Av&rage Eesders‘
N .
’ FacE Recall
’ Post
Réténtiﬁﬂ'

‘ o 7 Pnst
S - Retention
Social Problem Saiving.
Post
e Retention
'.. . ... General Synthesis Skill:
! : : Post
‘Retention
'IntngSE:
' - Pogt
. -Retention
Invalveméﬁﬁ
- Post
Rg:éntiaﬂ -

Post
Ret%ntian
"Canﬁept Campfehensian
) dst
: “"Reterition
"Sﬁgial Pfcblam Salving
Post )
Vnetentiﬁn

. Genezal Syq:hesis Skill.,

~Post
. ;,,Retgn;iaﬁ,,
Interest:’

.. Post .
. Retention .
- Involvenent: -

-~ -Post-
" Retention

ERI

Aruitoxt provided by Eic:

Subjects’ Scores on'the 5ix Dependent Variablea
L _ ‘Guided Open
. Control — Expository Inquiry Inquizy
38 , 37 40
9,18 3.53. 26,24 3.72 23,85 6.24
8.05 2,97 21.84 4,36 19.87 6.35
7.47 3.0 26.65 2,64 22,57 6,69
8.63 3.62 21,37 5.68 18,92 6.12
11.45 4,15 13.43 5)54 20.50 °  3.88
10.79 3.95 12.70 5.60 18.72 3.72
12.47 4,23 16.38 5.49 20.00 4.59
13,59 4,29 12.7: 4.57 17,55 6.76
25,89 12.23 36,51 10.22 45.00 6.59
24.84 12,58 34.24 11,00 43.45 5.55
25,97 12,06 30.38 8.69° 43.97 6.38
27.50 - 10.47 26.59 9.56 - 42.85 .04
33 e 46
- 2.84 2,11 18.68 6,40 15,00 5.59
3,06 2.37 110,03 © 5.47 11.89 . 5.55
3.36 - 2.60  15.51 7.21 12.85 6.66
2.39 3.08 10.78 6.10 10.15 5.44
439 464 6.14 5.5 7.71° 6.44
4,70 45.29  6.03 4.73  6.93 6.72
. PO - R B »
6.33 5.51 " 7.03 4.94 11.89 ©5.87
6.42 5.97 5,27 4.55 10.07 5.42
14.82 11.31 25.92 ° - 12,08 . 22.85 12.13
18,12 10.95 25.10. . = 13.87. 21.86 10.75
16.91 - 9.90  23.05 -~ 10.51 . 25.52 12.47
14,82 11.27 18.57 11.75 24,33 13.41



" Table 2

“Results of Roy and Bose (1953) Comparisons 1/ of Conditions
for Post-Test Scores of the Above Average Readers

B S ~ o General - Social =  :9»—
~-Conditiom 2/ - Fact .~ Concept . Syntheslis . Problem =~ . .. T
. __Pair " Recall Comprehension Skill  Solving Interest Involvement . .

672

= ,583 - =
p < .000L n.s. . ‘n.s.

< .0001

o 'Y o
A

o

o

a

]

L1

560 0 = .227 @ = .304
0001 p < .0001 p < .000L ¢
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Lo

o

e

e

MW
o
o]
foert

0= 426 0=.320 o
.0001 p <.0001 = n.s. n.s.
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e T ] oD b= ]
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O DO, i
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o »] b~ I e I 0]
M

in]
1]
=
o]
Ll
Jon]
!
‘P‘
o~
o

_'Il
Lo
"3
M
(=]
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s
oD
L
O

n.s.

o~
W—I\

L
Al
o
=
kel
i
Ll

.

0
P

kg

.
oM

“GI, O n.s. o oom.s. .. n.8. . i.<mﬂ*3im;

,m=1,n =71 for all comparisons using GCR (Harris, 1975).

¥, . P ,
ontrol, E = Expository, GI = Guided Inquiry, OI = Open Inquiry.
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Table 3 o

Results ﬁf‘Ray"aﬁd Bose (1953) Comparisons 1/ of Conditions =~
for Retention Scores of Above Average Readers .

. _ Gemeral ~ Social
Condition 2/ . Fact Concept Synthesis Problem ’
~._Pair ) Recall = Comprehension Skill Solving = Interest Involvement . .

n

436, _ o S :

= ,460
' .000L - m.s. n.s. . MeB.- n.s.

< .0001

e
L]
o

o YD
Iy

.335 o @=.275 @=.288  @=.,225 .
0001~  n.s. _ p< .000L p < .000L p < ,000L

1]

W

< .0001

.235 9= .161 , S
.0001 p < .005 n.s. n.s. : n.s.

[}

= .197

9
p
= .386 0
p
9
L0005 p

M

w o W
A

©
Al
O -
S @
> o
=
p

E, GI " n.s. n.s. n.s.  p

L 6 = .155 8 -
E, 0I p < .01 M8, P

GI, OI o n.s, n.s, _ n.s, . n.8. n.s.

m=1, n=71 for all comparisons using GCR (Harris, 1975).
trol, E = Expository, GIL = Guided Inquiry, OI = Open Inquiry.
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' Table 4

Resulgs of Roy and Base (l953) Campafisans 1/ af
Eanditiaﬂs for, PastsTest S;gres of Below Ayerage Readers

-

L 7 , A S PO :!giGeﬁeral'Vv
Condition -2/ : Fact : Concept . Synthesis

_Paix ~  Recall " Comprehension = __ Skill

= 546 . @= .31 .. o
001 - ap<60001 o Mes.

9= ,239 S |
< .000L Comis

o
s
Yo YO VO
AL AW A
o o O
S oM 6
A Qe B
g = =
o O
5
V]
L]
=
@
L ]

EiB;‘m =1, n=70. 5 fcr all campariséns using 'GCR ( ar fis, 19?5)
= Cnntrcl E E'EXPD51EDry, GI = Guidad Iﬁqui:y, 0L = D en Inquiry.-
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